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sents at least one element selected from the group con- 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a non-aqueous electrolyte secondary battery, particularly an improvement of a 
negative electrode used therefor. 

There have been various vigorous studies on a non-aqueous electrolyte secondary battery including lithium or a 
lithium compound as a negative electrode, because it is to be expected to offer a high voltage as well as a high energy 
density. 

To date, oxides and chalcogens of transition metals like UMr^, IJC0O2, LiNiOg, V 2 0 5 , C^Os, MnO^ "H^, M0S2 
and the like are known positive electrode active materials for nonaqueous electrolyte secondary batteries. Those com- 
pounds have a layered or tunneled crystal structure that allows free intercalation and deintercalation of lithium ions. On 
the other hand, there are many previous studies on metallic lithium as the negative electrode active material. However, 
metallic lithium has a drawback that when used as the negative electrode active material, a deposition of lithium den- 
drites occurs on the surface of lithium during charging, which reduces charge/discharge efficiency or causes internal 
short-circuiting due to contact between formed lithium dendrites and the positive electrode. As one measure for solving 
such drawback, the use of a lithium alloy such as lithium-aluminum alloy which not only suppresses the growth of lithium 
dendrites but also can absorb therein and desorb therefrom lithium as the negative electrode has been under investi- 
gation. However, the use of such lithium alloy has a drawback that repeated charge/discharge operation causes pulver- 
ization of the alloy as the electrode, which in turn deteriorates the cycle life characteristics of a battery. 

Therefore, there are proposals to suppress pulverisation of the electrode by using a lithium-aluminum alloy includ- 
ing additional elements as electrode (e.g., Japanese Laid-Open Patent Publications Sho 62-119856 and Hei 4- 
109562). Under the circumstance, however, the improvement remains unsatisfactory. At present, lithium ion batteries 
have been put into practical use that include as the negative electrode a highly safe carbon material capable of revers- 
iWy absorbing and desorbing lithium and having exceptional cycle life characteristics although smaller in capacity than 
the above-mentioned negative electrode active materials. In an attempt to realize a higher capacity, various proposals 
have been made of an application of oxides to negative electrodes. For example, it is suggested in Japanese Laid-Open 
Patent Publications Hei 7-122274 and Hei 7-235293 that crystalline oxides such as SnO and Sn02 may serve as neg- 
ative electrode active materials with higher capacities than the conventional oxide WO^. There is another proposal in 
Japanese Laid-Open Patent Publication Hei 7-288123 to use non-crystalline oxides such as SnSiOs or SnSi^xP^ for 
the negative electrode in order to improve the cycle life characteristics. But, the improvement is still unsatisfactory. 

BRIEF SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide a negative electrode for nonaqueous electrolyte second- 
ary batteries having excellent charge/discharge cycle life characteristics. 

Another object of the present invention is to provide a negative electrode affording a high electric capacity and an 
exceptional cycle life by absorbing lithium upon charging without growing lithium dendrites. 

The present invention provides a non-aqueous electrolyte secondary battery comprising a chargeable and dis- 
chargeable positive electrode, a non-aqueous electrolyte and a chargeable and dischargeable negative electrode, 
wherein the negative electrode comprises a compound represented by the formula (1) 

"A* (1) 

wherein Z represents at least two elements selected from the group consisting of metals and semi-metals at 
least one of which is selected from group D consisting of Na, K, Rb, Cs, Mg, Ca, Sr. Ba, Sc, Y, La, Ce, Ti, Zr, Hf, V, Nb, 
Ta, Cr, Mo, W, Mn, Fe, Co, Ni, Cu, Ag, Zn, Cd and Pd, and X represents at least one element selected from the group 
consisting of O, S, Se and Te and wherein 0<K+y+e^25 , 0£k<10 0<e<10 and 0<y£8. 

In a preferred mode of the present invention, Z comprises at least one element D selected from group D and at least 
one element A selected from group A consisting of Si, Ge, Sn, Pb, Bi, P, B, Ga, In, Al, As and Sb and is represented by 
the formula (2) 

AaDp (2) 

wherein 0<a, 0<$ and a+p=e . 
In another preferred mode of the present invention, Z may comprise two elements D1 and D2 selected from group 
D and is represented by the formula (3) 
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(D1) 6 (D2) t (3) 

wherein 0<5, 0<C and 6+^=e . 
In still another preferred mode of the present invention, Z may comprise three elements D1 , D2 and D3 selected 
5 from &oup D and is represented by the formula (4) 

(Dl)^)^ (4) 

wherein 0<6, 0<$, 0<rj and 6+^+T]=e . 
10 In a further preferred mode of the present invention, Z may comprise one element A selected from group A and two 
elements D1 and D2 selected from group D and is represented by the formula (5) 

(Aa)(D1)p. i (D2) i (5) 

is wherein 0<i<p. 

Furthermore, Z represented by the formula (2) is preferred to comprise two elements A1 and A2 selected from 
group A and one element D selected from group D and be represented by the formula (6) 

(M) a 4K>)p p (6) 

wherein 0<j<cl 

In the above-mentioned compounds, the at least one element selected from group D is preferably be an alkaline 
earth metal element 

It is also preferable that the metal selected from group A is tin. 

While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a brief longitudinal cross-sectional view of a test cell for evaluating the characteristics of an electrode of 
an active material in accordance with the present invention. 

FIG. 2 is a longitudinal cross-sectional view of a cylindrical battery used for embodying the present invention 
FIG. 3 is an X-ray diffraction pattern obtained from a negative electrode active material of a test cell upon cathode 
polarization at the 10th cyda _ . . 

DETAILED DESCRIPTION OF THE INVENTION 

Upon being integrated in a battery, lithium is intercalated into the negative electrode active material in accordance 
with the present invention during charging in normal cases. In the formula U&Xy representing the composition of a 
composite compound intercalated with lithium, the content of lithium represented by 6 is preferably in a range of 
1£6<10. When 10^6 the compound can give only poor cycle life characteristics and thus not practical. On the other 
hand, when 6<1 , the compound disadvantageously produces a small capacity. It is assumed that when such compound 
already intercalated with lithium is subjected to repeated intercalation and deintercalation of lithium by charge/dis- 
charge cycles, the compound loses its original composition partially. Therefore, it seems appropriate that the compound 
has a composition where the respective elements Li, Z and X are present in an atomic ratio of e^y. 

According to the present invention, a highly reliable non-aqueous electrolyte secondary battery with a high energy 
density as well as an exceptional cycle life which is free from development of dendrite-induced short-circuiting. 

In the following, the present invention will be described referring to specific examples, although the present inven- 
tion is not limited thereto. 

Example 1 

In the present example, compounds or oxides represented by the formula (1) and whose X is oxygen were evalu- 
55 ated. 

First, for evaluation of the electrode characteristics of those oxides as negative electrode active materials, test cells 
as shown in FIG. 1 were fabricated. 

A mixture was prepared by mixing 3 g of a graphite powder as a conductive agent and 1 g of a polyethylene powder 
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as a binder with 6 g of each active materia) powder. Then, 0.1 g of the mixture was pressure-molded to a disc of 17.5 
mm in diameter. An electrode 1 thus formed was placed in the center of a case 2 and disposed thereon with a separator 
3 of a microporous polypropylene film. A non-aqueous electrolyte prepared by dissolving 1 mol/l lithium perchlorate 
(IJCIO4) in a mixed solvent of ethylene carbonate and dimethoxyethane in a volumetric ratio of 1:1 was injected over 
5 the separator 3. Next the case 2 was combined with a sealing plate 6 having a polypropylene gasket 5 on the periphery 
thereof and attached with a metallic lithium disc 4 of 1 7.5 mm in diameter to the inner surface thereof, then was sealed 
to complete a test cell. 

Each of the test cells thus produced was subjected to cathode polarization (corresponding to charging when the 
active material electrode is taken as the negative electrode) at a constant current of 2mA until the electrode potential 
10 became 0 V vs. lithium counter electrode. Then, the test cell was subjected to anode polarization (corresponding to dis- 
charging) until the electrode potential dropped to 1 .5 V vs. lithium counter electrode. Cathode and anode polarizations 
were repeated and the electrode characteristics were evaluated in all the test cells. 

For comparison, conventional oxides and sulfides of metals listed in Table 1 were used. 
The present example used those oxides listed in Table 2. 
15 The discharge capacities per gram of the active material at the 1st cycle in the test cells are summarized in Tables 
1 and 2, respectively. 

Ail of the test cells including oxides of Example 1 in accordance with the present invention were found chargeable 
and dischargeable. Upon completion of cathode polarization at the 10th cycle, the test cells were disassembled and 
found to have no deposits of metallic lithium. 
20 The above results indicated that the electrodes including the active materials in accordance with the present inven- 
tion absorb therein lithium upon cathode polarization and desorb therefrom absorbed lithium upon anode polarization 
without growing dendrites of metallic lithium. 

Next for evaluation of the cycle life characteristics of the batteries applied with the negative electrodes of the active 
materials in accordance with the present invention, cylindrical batteries as shown in FIG. 2 were produced. 
25 The batteries were produced as follows: 

First a positive electrode active material LiMn 1 8 Coo^0 4 was synthesized by mixing IJ2CQ3, Mr^C^ and C0CO3 in 
a predetermined molar ratio, followed by heating at 900 °C. The resultant was further filtered through 1 00 mesh or less 
before used as the positive electrode active material of Example 1. 

Then, to 100 g of the positive electrode active material, 10 g of a carbon powder as a conductive agent 8 g (in sol- 
30 ids) of an aqueous dispersion of polytetrafluoroethylene as a binder and pure water were added to form a paste. The 
paste was applied on a titanium core material, dried and rolled. In this way, a positive electrode plate was produced. 

Separately, a negative electrode plate was prepared as follows: Each of yarjousactiye materials, a graphite powder 
as a conductive agent and polytetrafluoroethylene as a binder were mixed in a wei ght ratio of 6030:1 0 ana tne mixture 
was made into a paste using a petroleum solvent The paste was applied on a (xxxier^re'materiaii followed by drying 
35 at 1 00 °C to form a negative electrode plate. A porous polypropylene film was used as the separator. 

Then, a positive electrode plate 1 1 having a spot-welded positive electrode lead 14 made of the same material as 
that of the core material was combined with a negative electrode plate 12 similarly having a spot-welded negative elec- 
trode lead 1 5 made of the same material as that of the core material together with a band-like separator 13 of a porous 
polypropylene film interposed therebetween and the combination was spirally rolled up to make an electrode group. The 
40 electrode group was placed in a battery case 1 8 after adhering polypropylene insulating plates 1 6 and 1 7 to the top and 
the bottom of the electrode group. A step was formed at the upper part of the battery case 1 8 and a non-aqueous elec- 
trolyte prepared by cfissotving 1 mol/l lithium perchlorate in a mixed solvent of ethylene carbonate and dimethoxyethane 
in an equivolumetric ratio was injected into the battery case 1 8. Then, the case was sealed using a sealing plate 1 9 pro- 
vided with a positive terminal 20 to form a battery. 
45 Each of the batteries thus formed was subjected to a charge/discharge cycle test under conditions of a temperature 
of 30 °C, a charge/discharge current of 1 mA/cm 2 and a charge/discharge voltage in a range of 4.3 to 2.6 V. 

Tables 1 and 2 summarize the discharge capacity maintenance ratios after 100 cycles in the batteries including 
negative electrodes of the oxides of the comparative example and Example 1, using their discharge capacities at the 
2nd cycle as reference. 



Table 1 



Oxide or sulfide 


Capacity (mAh/g) 


Capacity maintenance 






rate(%) 




190 


9 


FezOa 


185 


10 



4 
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Table 1 (continued) 



Oxide or sulfide 


Capacity (mAh/g) 


Capacity maintenance 
rate(%) 


SnO 


522 


5 




453 


20 


PbO 


453 


2 


SnS 


498 


6 


PbS 


436 


3 


SnSio^Po^^.i 


406 


25 



15 



20 



25 



30 



35 



40 



45 



50 



5 
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Table 2 



5 Oxides Capacity Capacity 

(mAh/g) maintenance rate (X) 





A 1 KM r\ 

A 1 2 M g 0 4 


3 6 0 


9 0 


10 


M g S n 0 3 


5 5 0 


8 5 




MgS iO a 


4 0 0 


8 0 




MgPbO a 


6 0 0 


9 0 


15 


Mg C d 0 2 
MgB i 2 0 6 


3 5 0 
3 0 0 


8 5 
8 0 




Mg 1 n 2 0 4 


4 6 0 


8 5 




Mg Z n 0 2 


4 0 0 


9 0 


20 


M g G a 2 0 4 


3 9 0 


8 5 




M g 2 G e 0 4 


4 5 0 


9 0 




A 1 2 C a 0 4 


3 7 0 


9 0 


25 


C a S n 0 3 
C a S i 0 3 


5 7 0 
4 0 0 


9 0 
8 5 




C a P b 0 3 


6 0 0 


9 0 




C a C d 0 2 


3 9 0 


8 5 


30 


C a B i 2 0 6 


3 2 0 


8 0 




C a 1 n 2 0 4 


5 2 0 


8 0 




CaZnOj 


4 0 0 


9 0 


35 . 


C a G a 2 0^ 


3 9 0 


8 5 


C a 2 G e 0 4 


5 10 


8 5 




At C w 

A 1 2 o r 


O O A 
O O 0 


0 c 




S r S n 0 3 


6 3 0 


9 5 


40 


S r S i 0 3 


4 5 0 


9 0 




SrPbOj 


6 0 0 


8 5 




SrCd0 2 


4 0 0 


8 5 


45 


S r B i 2 O e 


3 2 0 


9 0 




S r 1 n 2 0 4 


5 0 0 


9 0 




S r 2 n 0 2 


4 1 0 


8 5 




S r G a 2 0 4 


4 10 


9 0 


50 


S r 2 G e 0 4 


5 2 0 


8 0 
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Table 2-continued 



Oxides 



Capacity Capacity 
(mAh/g) maintenance rate (X) 





A 1 2^ a U 4 


0 r* n 
0 y u 


0 c 

8 5 


to 


a a o n 


A ft ft 

4 0 0 


9 5 




r » <; i n 

O a 0 1 v./ ^ 


/inn 

** U U 


ft R 
0 O 




d a r D vjj 


n Q ft 
O O U 


y u 


15 


B a C d 0 2 


3 9 0 


8 0 




d a d i 


4 10 


8 0 




B a t n 2 0 4 


5 3 0 


8 5 




B a Z n 0 2 


4 0 0 


8 5 


20 


B a G a 2^4 


4 0 0 


9 0 




B a 2 G e 0 4 


5 0 0 


9 0 




° a 0.5 i>r 0.5 i>nO 3 


Ann 
0 u u 


y d 


25 


B a 0-7 S r 0.3 S n °3 


6 2 0 


9 5 




8 a 0.9 S r 0.| S n °3 


6 3 0 


9 5 




B a 0 5 C 5S n ^3 


6 0 0 


9 0 


30 


B a 0.5 M 9o.5 S n °3 


5 8 0 


ft /\ 
9 0 


8 a 0.5 S r 0.5 S 1 °3 


C ft ft 

5 0 0 


ft ft 
9 0 




B a 0.5 S r 0.5 P b °3 


e 0 ft 

6 2 0 


a ft 
9 0 




A 1 2 N ^2 4 


4 z 0 


y 0 


35 


IM a n i> n L>2 


A f\ f\ 

4 U U 


0 n 
y u 




/Na,S iO, ) 


4 0 0 


8 5 




IN a j r LI w ^ 


Ron 

VI u u 


r n 


40 


N a 2 C d 0 2 
N a 2 B i 2 O g 


4 0 0 
3 8 0 


8 5 
8 0 




N a 2 I n 2^4 


5 5 0 


8 5 




N a 2 Z n 0 2 


4 0 0 


8 5 


45 


N a 2 G a 2 0 4 


4 0 0 


9 0 




N a 4 G e 0 4 


5 0 0 


8 5 




A l 2 K 2 0 4 


4 3 0 


9 0 


50 


K 2 S n 0 3 


4 5 0 


9 0 




K 2 S i 0 3 


4 2 0 


9 0 



55 
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Table 2-continued 



5 


Ox i des 


Capacity 
(mAh/g) 


Capac i ty 
maintenance rate (X) 




2 3 


5 8 0 


8 5 


10 


K 2 C d 0 2 


4 0 0 


8 5 




,x 2 2 6 


3 9 0 


8 0 




K, 1 n^Oi 
,n ? ' ? 4 


5 7 0 


8 5 


15 


K n 7nO« 


4 0 0 


8 5 




KoG a aOi 


4 0 0 


9 0 




R h GpO 


sin 


ft R 






A R ft 


Q ft 


20 


D u c : r\ 
n d 2 ^ i ^3 


A O ft 


Q ft 






con 
a 0 u 


ft R 




R h C rt r* 
n u 2 v u ^ 


4 ft ft 
** \j \j 


ft R 


25 


R h~ R i 


^ Q 0 

O 3 u 


ft ft 




R h 1 n O 
r i u 2 i '9 ^ 4 


K 70 

«J * VS 


ft R 




Rh.7 n 


4 ft ft 
*+ u vv 


ft R 






4 0 0 


9 0 


30 




5 10 


ft S 




S r A 1 2 S n 0g 


5 5 0 


9 0 




S r A US i O c 


4 0 0 


8 5 


35 


S r A LPbOr 


6 0 0 


8 0 




S r A 1 2 C d 0 4 


3 5 0 


9 0 




S r A 1 B i 0 4 


3 0 0 


8 5 




S r A I 1 n0 3 


4 6 0 


8 0 


40 


S r A 1 2 Z n 0 4 


4 0 0 


8 5 




S r A 1 G a 0 3 


3 9 0 


9 0 




S r A 1 2 G e 0 4 


4 5 0 


8 5 


45 


SrSnAI 2 °5 


3 6 0 


9 0 




S r S n S i 0 4 


4 0 0 


8 5 




S r S n P b 0 4 


6 0 0 


8 0 


50 


SrSnCdOj 


3 5 0 


9 0 


S r S n B i 2 0 ? 


3 0 0 


8 5 



8 
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Table 2-continued 



5 


Oxides 


Capacity 
(mAh/g) 


Capac i ty 
maintenance rate(X) 




S r Sn I n 2^5 


4 6 0 


8 0 


10 










SrSnZn0 3 


4 0 0 


8 5 




S r SnG a 2 0 5 


3 9 0 


9 0 




S r S n 2 G e 0 4 


4 5 0 


8 5 


15 


B a S i A I 2 0 5 


3 6 0 


9 0 




B a S i S n 0 4 


5 5 0 


8 5 




BaSiPbQ 4 


6 0 0 


8 0 




BaS iCd0 3 


3 5 0 


9 0 


20 


B a S i B i 2 0 ? 








3 0 0 


8 5 




BaS i ! n 2 O s 


4 6 0 


8 0 




B a S i Z n 0 3 


4 0 0 


8 5 


25 


B a S i G a 2 0 5 


3 9 0 


9 0 




BaS i 2 G e 0 4 


4 5 0 


8 5 




B a P b A l 2 0 5 


3 6 0 


9 0 




B a P b S n 0 4 


5 5 0 


8 5 


30 


B a P b S i 0 4 


4 0 0 


8 0 




B a P b C d0 3 


3 5 0 


9 0 




B a P b B i 2 0 ? 


3 0 0 


8 5 


35 


B a P b 1 n 2 0 5 


4 6 0 


8 0 




B a P b Z n 0 3 


4 0 0 


8 5 




B a P b G a 2 0 5 


3 9 0 


9 0 


Afl 
*tV 


B a P b 2 G e 0 4 


4 5 0 


8 5 


C d A l 2 0 4 


3 60 


9 0 




CdSnO, 


5 5 0 


8 5 




C d S i 0 3 


4 0 0 


8 0 


45 


CdPb0 3 


6 0 0 


9 0 




C d B i 0 4 


3 0 0 


8 5 




C d 1 n 2 0 4 


4 6 0 


8 0 




C d 2 n 0 2 


4 0 0 


85 


50 


C d G a 2 0 4 


3 9 0 


9 0 
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Table 2-continued 



5 Oxides Capacity Capacity 

(mAh/g) maintenance rate (X) 





C d 2 G e 0 4 


4 5 0 


8 5 


10 


B a B i A 1 0 4 


3 6 0 


9 0 




B a B i 2 S n 0 7 


5 5 0 


8 5 




B a B i 2 S i 0 7 


4 0 0 


8 0 


15 


B a B i 2 P b0 7 


6 0 0 


9 0 




B a B i 2 C d O fi 


3 5 0 


8 5 




B a B i 1 n 0 4 


4 6 0 


8 0 




B a B i 2 Z n 0 6 


4 0 0 


8 5 


20 


B a B i G a 0 4 


3 9 0 


9 0 




B a B i 2 G e 0 4 


4 5 0 


8 5 




Sr InAIOj 


3 6 0 


9 0 


25 


S r 1 n 2 S n 0 5 


5 5 0 


8 5 


S r 1 n 2 S i O s 


4 0 0 


8 0 




S r 1 n 2 P b0 5 


6 0 0 


9 0 




S r 1 n 2 C d 0 4 


3 5 0 


8 5 


30 


S r 1 n B i 0 4 


3 0 0 


8 0 




S r 1 n 2 Z n 0 4 


4 0 0 


8 5 




S r 1 n G a 0 3 


3 9 0 


9 0 




S r 1 n 2 G e 0 4 


4 5 0 


8 5 


35 


Z n A 1 2 0 4 


3 6 0 


9 0 




Z n S n 0 4 


5 5 0 


8 5 




Z n S i 0 4 


4 0 0 


8 0 


40 


ZnPb0 3 


6 0 0 


9 0 




ZnCd0 2 


3 5 0 


8 5 




Z n B i 2 O e 


3 0 0 


8 0 




Z n 1 n 2 0 4 


4 6 0 


8 5 


45 


Z n G a 2 0 4 


390 


9 0 




Z n 2 G e 0 4 


4 5 0 


8 5 




Mg G a A 1 0 3 


3 6 0 


9 0 


50 


Mg G a 2 S n 0 5 


5 5 0 


8 5 



55 
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Table 2-continued 



Oxides Capacity Capacity 

(mAh/g) maintenance rate (H) 



Mg G a 2 S i 0, 


4 0 0 


8 0 


Mg G a 2 P b 0 5 


6 0 0 


9 0 


Mg Ga 2 C dO, 


3 5 0 


8 5 


Mg 6 a B i 0 4 


3 0 0 


8 0 


Mg G a I n0 3 


'4 6 0 


8 5 


MgGa 2 ZnO, 


4 0 0 


9 0 


Mg G a 2 G e 0 4 


4 5 0 


8 5 


Mg G e A I 2 0 5 


3 6 0 


9 0 


MgGeSnO, 


5 5 0 


8 5 


Mg G e S i 0 4 


4 0 0 


8 0 


Mg G e P b0 4 


6 0 0 


9 0 


MgGeCdOj 


3 5 0 


8 5 


Mg G e B i 2 0 7 


3 0 0 


8 0 


Mg G e I n 2 0 5 


4 6 0 


8 5 


MgGeZnOj 


4 0 0 


9 0 


Mg G e G a 2 0 5 


3 9 0 


8 5 



As is evident from the tables, the batteries using the negative electrodes of the oxide active materials in accordance 
with the present invention are improved drastically in the cycle life characteristics as compared with those using the 
negative electrodes of the conventional oxides. 

Next, the factor contributing to the improved cycle life characteristics of the above-mentioned active materials of the 
present invention was analyzed. FIG. 3 shows an X-ray diffraction pattern obtained from the test cell using MgSnC>3 as 
the negative electrode active material upon completion of cathode polarization (charged state of the negative electrode 
active material) at the 10th cycle. The figure also lists the result in the test cell using the comparative example active 
material SnO^ Noting the peak around 26=38 °, a sharp peak clearly indicating the presence of an U-Sn alloy was 
observed in the comparative example oxide. On the other hand, a very broad peak with a low peak intensity was 
observed in the oxide of Example 1 . 

The above findings suggested that the charge/discharge reaction in the comparative example oxide $n02 develops 
basically by the alloying reaction between Sn and Li. In the oxide MgSnOg of Example 1 , although it was speculated 
that this oxide also experiences the same reaction, it shows a broad peak with very lew peak intensity on the X-ray dif- 
fraction pattern as compared with the comparative example. This suggests very low crystallinity of the Li-Sn alloy syn- 
thesized during charge of MgSnQ3 as compared with the comparative example oxide SnCV Although the details 
remain to be clarified more, the low crystallinity was considered to result from the prevention by the presence of the 
group D element Mg of a reduction of the reactive surface area or i reactivation due to an aggregation of the group A ele- 
ment Sn. This seems to have led to improved cycle life characteristics. 

Although only MgSnOj was exemplified above, the same observations were obtained from the rest of the active 
materials. 
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Example 2 

In the present example, test cells were produced in the same manner as in Example 1 for evaluation of the elec- 
trode characteristics of the negative electrode active materials of various sulfides listed in Table 3. The evaluation was 
performed under the same conditions as applied in Example 1 . The results are summarized in Table 3. 

All the test cells of Example 2 were found chargeable and dischargeable. Upon completion of cathode polarization 
at the 10th cycle, the test cells were disassembled and found to have no deposits of metallic lithium. 

From this, it was indicated that the electrodes inclufing the active materials in accordance with the present inven- 
tion absorb therein lithium upon cathode polarization and desorb therefrom absorbed lithium upon anode polarization 
without growing dendrites of metallic lithium. 

Next for evaluation of the cycle life characteristics of the batteries applied with the negative electrodes of the vari- 
ous sulfides in accordance with the present invention, cylindrical batteries as used in Example 1 were produced and 
evaluated under the same conditions as in Example 1 . The results are summarized in Table 3. 
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Table 3 



Sulfides Capacity Capacity 

(mAh/g) maintenance rate (X) 



A 1 KM n C 

A 1 2M g 5> 4 


OCA 

3 6 0 


A A 

9 0 


M g 0 n 03 


CCA 

5 5 0 


8 5 


Mgii 1 S3 


4 0 0 


8 0 


M g P b S3 


6 0 0 


9 0 


MgCdS 2 


3 5 0 


8 5 


Mg B i 2 S 6 


3 0 0 


8 0 


Mg 1 n 2 S 4 


4 6 0 


8 5 


Mg Z n S 2 


4 0 0 


9 0 


MgG a 2 S 4 


3 9 0 


8 5 


Mg 2 G e S 4 


4 5 0 


9 0 


A 1 2 C a S 4 


3 7 0 


9 0 


C a S n S 3 


5 8 0 


9 0 


C a S i S3 


4 0 0 


8 5 


C a P b S 3 


6 2 0 


9 0 


C a C d S 2 


3 8 0 


8 5 


C a B 1 2 Sg 


3 2 0 


8 0 


O a 1 n 2 S 4 


5 0 0 


8 0 


f* ~ 7 _ c 
a z. n i>2 


A A A 

4 0 0 


A A 

9 0 


u a 0 a 2 S 4 


O "7 A 

3 7 0 


0 b 


a 2 13 e o 4 


C. A A 
O 0 0 


0 b 


A 1 2 S r S 4 


3 8 0 


8 5 


SrSnS 3 


6 0 0 


9 5 


S r S i S 3 


4 5 0 


9 0 


S r P b S 3 


6 2 0 


8 5 


S r Cd S 2 


4 0 0 


8 5 


SrBi 2 S 6 


3 3 0 


9 0 


S r 1 n 2 S 4 


5 3 0 


9 0 


SrZnS 2 


4 0 0 


8 5 


S r G a 2 S 4 


4 00 


9 0 


S r 2 G e S 4 


5 1 0 


8 0 
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Table 3-continued 

5 Sulfides Capacity Capacity 

(mAh/g) maintenance rate (X) 





A I 2 B a S 4 


3 7 0 


8 5 


10 


B a S n S 3 


4 1 0 


9 5 




B a S i S 3 


4 4 0 


8 5 




B a P b S 3 


4 5 0 


9 0 


15 


B a C d S 2 


3 9 0 


8 0 




B a B i 2 S 6 


4 0 0 


8 0 




B a I n 2 S 4 


4 9 0 


8 5 




B a Z n S 2 


4 0 0 


8 5 


20 


B a G a 2 S 4 


4 0 0 


9 0 




B a 2 G e S 4 


5 0 0 


9 0 




8 a 0.5 S r 0.6 S n S 3 


6 2 0 


9 5 


25 


B a 0 7 S r 0 3 S n S 3 
8 a 0.9 S r 0.t S n S 3 


6 3 0 
6 3 0 


9 5 
9 5 




8 a 0.5 C a 0.5 S n S 3 


5 8 0 


9 0 


30 


8 a 0.5 M 90.5 S n S 3 
Ba 0.5 S r 0.5 S ' S 3 


5 7 0 
500 


9 0 
9 0 




Ba 0 . 5 Sr 0>5 PbS 3 


6 2 0 


9 0 




A I 2 N a 2 S 4 


3 9 0 


9 0 


35 


N a 2 S n S 3 
N a 2 S i S 3 


4 7 0 
4 2 0 


9 0 
8 5 




Na 2 PbS 3 


5 8 0 


8 0 




N a 2 C d S 2 


4 0 0 


8 5 


40 


Na 2 B i 2 S 6 


3 8 0 


8 0 




N a 2 I n 2 S 4 


5 2 0 


8 5 




N a 2 Z n S 2 


3 7 0 


8 5 


45 


N a 2 G a 2 S 4 
N a 4 G e S 4 


4 0 0 

5 0 0 


9 0 
8 5 




A 12^2^4 


4 0 0 


9 0 




K 2 S n S 3 


4 5 0 


9 0 


50 


K 2 S i S 3 


4 2 0 


9 0 



55 
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Table 3-continued 



Sulfides Capacity Capacity 

(mAh/g) maintenance rate (X) 





if DUO 

K 2 r D 


5 8 0 


8 5 


10 


1/' f+ i O 

l\ 2 v* Q ^>2 


4 0 0 


8 5 




N 2 t> 1 2 b 6 


3 9 0 


8 0 




K 2 1 n 2 S 4 


5 7 0 


8 5 


15 


K 2 Z n S 2 


4 0 0 


8 5 




K 2 6 a 2 S 4 


4 2 0 


9 0 




K 4 G e S 4 


5 1 0 


8 5 




N a 2 A 1 2 S n S 5 


5 5 0 


9 0 


20 


N a 2 A 1 2 S i S 5 


4 0 0 


8 5 




N a 2 A I 2 P b S 5 


6 0 0 


8 0 




N a 2 A 1 2 C d S 4 


3 5 0 


9 0 


25 


N a 2 A 1 B i S A 


3 0 0 


8 5 




N a 2 A 1 1 n S 3 


4 6 0 


8 0 




N a 2 A 1 2 Z n S 4 


4 0 0 


8 5 




N a 2 A 1 G a S 3 


3 9 0 


9 0 


30 


N a 2 A 1 2 G e S 4 


4 5 0 


8 5 




S r SnA 1 3 S 5 


3 6 0 


9 0 




S r S n S i S 4 


4 0 0 


8 5 


35 


S r S n P b S 4 


6 0 0 


8 0 




c rbnld 03 


3 5 0 


9 0 




0 r 0 n d 1 2 ^ 7 


0 t\ f% 
300 


8 5 


40 


S r S n 1 n 2 S 5 
SrSnZnSj 


4 6 0 
4 0 0 


8 0 
8 5 




S r S n G a 2 S 5 


3 9 0 


9 0 




S r S n 2 G e S 4 


4 5 0 


8 5 


45 


B a S i A l 2 S 5 


360 


9 0 




BaS i SnS 4 


5 5 0 


8 5 




B a S i P b S 4 


6 0 0 


8 0 


50 


B a S i C d S 3 


3 5 0 


9 0 


B a S i B i 2 S ? 


3 0 0 


8 5 



55 
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Table 3-continued 



Sulfides Capacity Capacity 

(raAh/g) maintenance rate (X) 



B a S i I n 2 $5 


4 6 0 


0 0 


B a S i 2 n S 3 


4 0 0 


8 5 


BaS i G a 2 $ 5 


3 9 0 


9 0 


BaS i 2 G e S 4 


4 5 0 


8 5 


C a P b A I 2 S 5 


3 6 0 


9 0 


C a P b S n S 4 


5 5 0 


8 5 


C a P b S i S 4 


4 0 0 


8 0 


C a P b C d S 3 


3 5 0 


9 0 


C a P b B i 2 S 7 


3 0 0 


8 5 


C a P b I n 2 S 5 


4 6 0 


8 0 


C a P b Z n S 3 


4 0 0 


8 5 


Ca P b G a 2 S 5 


3 9 0 


9 0 


CaP b 2 G e S 4 


4 5 0 


8 5 


C a C d A I 2 S 4 


3 6 0 


9 0 


C a C d S n S3 


5 5 0 


0 5 


C a C d S 1 03 


4 0 0 


O A 
O U 


O a O d r b 03 


C A A 

D U U 


O A 

y u 


Laud b t o 4 


O A A 
O 0 U 




Oatd 1 n 2 o 4 


4 0 U 


Q A 


0 a If q t n o 2 


4 U U 


A R 
O 3 


1 a i a u ajoj 


3 0 n 
0 y u 




C a C d 2 G e S 5 


4 5 0 


8 5 


Mg B i A 1 S 5 


3 6 0 


9 0 


MgB i 2 SnS 8 


5 5 0 


8 5 


Mg B i 2 S i S 8 


4 0 0 


8 0 


MgB i 2 P b S 8 


6 0 0 


9 0 


MgB i 2 C d S 7 


3 5 0 


8 5 


MgB i 1 nS 5 


4 6 0 


8 0 


MgB i 2 Z n S 7 


4 0 0 


8 5 


MgB i G a S 5 


3 9 0 


9 0 
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Table 3-continued 



5 


bu I t i aes 


Capaci ty 


Capac i ty 






Vlunn/y/ 


ma i ntpnanrp rafp 
ma 1 1 1 ici ioi list? I a ic 




MgB i.GeSr 


4 5 0 


8 5 


10 


KJnAIS, 


3 6 0 


9 0 




Ko 1 n * S n S r 

t L Q 


5 5 0 


8 5 




K o 1 n 9 S i 3 c 


4 0 0 


8 0 


15 


Kol noP b Sr 

L L b 


6 0 0 


9 0 


Kol n 7 C d S c 


3 5 0 


8 5 




K 9 1 n B i Sc 


3 0 0 


8 0 




K 2 1 n 2 Z n S j 


4 0 0 


8 5 


20 


K 2 1 n G a S 4 


3 9 0 


9 0 




K 2 1 n 2 G e S 5 


4 5 0 


8 5 




Z n A 1 2 S 4 


3 6 0 


9 0 


25 


Z n S n S 4 


5 5 0 


8 5 


Z n S i S rii 


4 0 0 


8 0 




ZnPbS 3 


6 0 0 


9 0 




ZnCdS, 


3 5 0 


8 5 


30 


Z n B i 2 S 6 


3 0 0 


8 0 




Z n 1 n 9 S A 


4 6 0 


8 5 




Z n G a 7 S. 


39 0 


9 0 


35 


Z n 9 G e S, 


4 5 0 


8 5 




S r G a A 1 S A 


3 6 0 


9 0 




SrG a 9 S n S R 


5 5 0 


8 5 




SrG a 9 S i S« 


4 0 0 


8 0 


40 


S r G a 9 P b S fi 


6 0 0 


9 0 




SrG a 2 C d S 5 


3 5 0 


8 5 




S r G a B i S 5 


3 0 0 


8 0 


45 


S r G a I n S 4 


4 6 0 


8 5 




SrG a 2 Z n S 5 


4 0 0 


9 0 




S rGa 2 GeS 5 


4 50 


8 5 




B a G e A 1 2 S 6 


3 6 0 


9 0 


50 


BaGeSnS 5 


5 5 0 


8 5 
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Table 3-continued 



Su I f i des 


Caoac i tv 
(mAh/g) 


Caoac t tv 

maintenance rate (X) 


B a 6 e S i S 5 


4 0 0 


8 0 


B a G e P b S 5 


6 0 0 


9 0 


B a 6 e C d S 4 


3 5 0 


8 5 


B a G e B t 2 S B 


3 0 0 


8 0 


B a G e ! n 2 S 6 


4 6 0 


8 5 


B a G e Z n S 4 


4 0 0 


9 0 


B a G e G a 2 S 6 


3 9 0 


8 5 



25 As is clear from Table 3, the batteries using the various sulfides in accordance with the present invention as the 
negative electrode active materials are improved in the cycle life characteristics as compared with those using the con- 
ventional negative electrode active materials. 

Example 3 

30 

In Example 3, test cells were produced in the same manner as in Example 1 for evaluation of the electrode char- 
acteristics of the negative electrode active materials of various selenates listed in Table 4. The evaluation was per- 
formed under the same conditions as applied in Example 1 . All the test cells of Example 3 were found chargeable and 
dischargeable. Upon completion of cathode polarization at the 10th cycle, the test cells were disassembled and found 
35 to have no deposits of metallic lithium. 

Rom this, it was indicated that the electrodes including the active materials in accordance with the present inven- 
tion absorb therein lithium upon cathode polarization and desorb therefrom absorbed lithium upon anode polarization 
without growing dendrites of metallic lithium. 

Next for evaluation of the cycle life characteristics of the batteries applied with the negative electrode active mate- 
40 rials of various selenates in accordance with the present invention, cylindrical batteries as used in Example 1 were pro- 
duced and evaluated under the same conditions as in Example 1 . The results are summarized in Table 4. 
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Table 4 



Se I en ides 


Capac i t y 


Capacity 




(mAh/g) 


maintenance rate (X) 


A I 2 M g S e 4 


3 6 0 


9 0 


M g S n S e 3 


5 5 0 


8 5 


M g S i S e 3 


4 0 0 


8 0 


MgPbSe 3 


6 0 0 


9 0 


MgCdSe 2 


3 5 0 


8 5 


Mg B i 2 S e 6 


3 0 0 


8 0 


M g I n 2 S e 4 


4 6 0 


8 5 


M g Z n S e 2 


4 0 0 


9 0 


M g G a 2 S e 4 


3 9 0 


8 5 


M g 2 G e S e ^ 


4 5 0 


9 0 


A I 2 C a S e 4 


3 7 0 


9 0 


C a S n S e ^ 


5 7 0 


9 0 


C a S i Se 3 


4 0 0 


8 5 


C a P b S e 3 


6 0 0 


9 0 


C a C d S e 2 


3 9 0 


8 5 


C a B i 2 S e g 


3 2 0 


8 0 


C a I n 2 S e 4 


5 2 0 


8 0 


CaZnSe 2 


4 0 0 


9 0 


C a G a 2 S e ^ 


3 9 0 


8 5 


Ca^GeSe^ 


5 1 0 


8 5 


A l 2 S r S e 4 


3 8 0 


8 5 


SrSnSe 3 


6 3 0 


9 5 


SrSiSe 3 


4 5 0 


9 0 


SrPbSe, 


6 0 0 


8 5 


S r C d S e 2 


4 0 0 


8 5 


S r B i 2 S e 6 


3 2 0 


9 0 


S r I n 2 S e4 


5 0 0 


9 0 


S r Z n S e 2 


4 1 0 


8 5 


S r G a 2 S e 4 


4 1 0 


9 0 


S r 2 G e S e 4 


5 2 0 


8 0 
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Table 4-continued 



s Se I en ides Capacity Capacity 

(raAh/g) maintenance rate (90 





A I 2 B a S e 4 


3 9 0 


8 5 


10 


8 a S n S e 3 


4 0 0 


9 5 




B a S i S e 3 


4 0 0 


8 5 




B a P b S e 3 


5 8 0 


9 0 


15 


BaCdSe, 


3 9 0 


8 0 




B a B i 2 S e 6 


4 1 0 


8 0 




B a I n 9 S e. 


5 3 0 


8 5 




BaZnSe, 


4 0 0 


8 5 


20 


B a G a 7 S e. 


4 0 0 


9 0 




B a,G e S e. 


5 0 0 


9 0 




B a n cSr n cSnSe, 

U . 3 U . 3 J 


6 0 0 


9 5 


25 


B a n 7 S r n «S n S e« 

U.I U * J J 


6 2 0 


9 5 




8 a 0.9 S r 0.1 S n S e 3 


6 3 0 


9 5 




B a 0.5 C a 0.5 S n S e 3 


6 0 0 


9 0 


30 


8 a 0 5 M 90 5 S n S e 3 

U.J VI - 9 o 


5 8 0 


9 0 


B a Q 5 S r q 5 S i S e 3 


5 0 0 


9 0 




Ba 0.5 S r 0.5 PbSe 3 


6 2 0 


9 0 




A 1 2 N a 2 S e 4 


4 2 0 


9 0 


35 


N a 2 S n S e 3 


4 0 0 


9 0 




N a 2 S i S e 3 


4 0 0 


8 5 




N a 2 P b S e 3 


6 0 0 


8 0 


40 


N a 2 C d S e 2 
N a 2 B i 2 S e 6 


4 0 0 
3 8 0 


8 5 
8 0 




Na 2 l n 2 Se 4 


5 5 0 


8 5 




Na 2 ZnSe 2 


4 0 0 


8 5 


45 


Na 2 Ga 2 Se 4 


4 0 0 


9 0 




N a 4 G e S e 4 


5 0 0 


8 5 




A 1 2 K 2 S e 4 


4 3 0 


9 0 


50 


K 2 S n S e 3 
K 2 S i S e 3 


4 5 0 
4 2 0 


9 0 
9 0 
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Table 4-continued 



Se I en ides Capacity Capacity 

(mAh/g) maintenance rate (X) 





K 2 PbS e 3 


5 8 0 


8 5 


10 


K 2 CdS e 2 


4 0 0 


8 5 




K 2 B i 2 S e g 


3 9 0 


8 0 




K 2 1 n 2 S e 4 


5 7 0 


8 5 


15 


K 2 Z n S e 2 


4 0 0 


8 5 




K 2 G a 2 S e 4 


4 0 0 


9 0 




K 4 G e S e 4 


5 1 0 


8 5 




SrAI 2 SiSe 6 


4 0 0 


8 5 


20 


SrAI 2 PbSe 6 


6 0 0 


8 0 




S r A 1 2 C d S e 5 


3 5 0 


9 0 




S r A 1 B i S e 5 


3 0 0 


8 5 


25 


S r A 1 1 n S e 4 


4 6 0 


8 0 




SrAI 2 ZnSe 5 


4 0 0 


8 5 




S r A 1 G a S e 4 


3 9 0 


9 0 




SrAI 2 GeSe 5 


4 5 0 


8 5 


30 


B a S n A I 2 S e 6 


3 6 0 


9 0 




BaSnS i Se s 


4 0 0 


8 5 




BaSnPbSe 5 


6 0 0 


8 0 


35 


BaSnCdSe 4 


3 5 0 


9 0 




B a S n B i 2 S e 8 


3 0 0 


8 5 




B a S n 1 n 2 S e 6 


4 6 0 


8 0 




BaSnZnSe 4 


4 0 0 


8 5 


40 


B a S n G a 2 S e 6 


3 9 0 


9 0 




B a S n 2 G e S e s 


4 5 0 


8 5 




K 2 S i A ! 2 S e 6 


3 6 0 


9 0 


45 


K 2 S i S n S e 5 


5 5 0 


8 5 




K 2 S iPbSe 5 


6 0 0 


8 0 




K 2 S i CdSe 4 


3 5 0 


9 0 


50 


K 2 S i B i 2 Se 8 


3 0 0 


8 5 


K 2 S i 1 n 2 S e 6 


4 6 0 


8 0 
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Table 4-continued 



5 Se I en ides Capacity Capacity 

(mAh/g) maintenance rate (X) 





K 2 S i ZnSe 4 


4 0 0 


8 5 


10 


K2 o 1 0 a 2 0 eg 


0 f\ 

J 9 0 


9 0 




K 2 S t 2 G e S e 5 


4 5 0 


8 5 




Mg P b A 1 2 S e 6 


3 6 0 


9 0 


15 


MgPbSnSe 5 


5 5 0 


8 5 




MgPbS iSe 5 


4 0 0 


8 0 




MgPbCdSe 4 


3 5 0 


9 0 




MgPbB i 2 s e 8 


3 0 0 


8 5 


20 


Mg P b 1 n 2 S e 6 


4 6 0 


8 0 




MgPbZnSe 4 


4 0 0 


8 5 




Mg P b G a 2 S e fi 


3 9 0 


9 0 


25 


Mg P b 2 G e S e 5 


4 5 0 


8 5 




C d A 1 2 S e 4 


3 6 0 


9 0 




CdSnS e 3 


5 5 0 


8 5 




CdS i Se 3 


4 0 0 


8 0 


30 


CdPbSe 3 


6 0 0 


9 0 




CdB i S e 4 


3 0 0 


8 5 




C d 1 n 2 S e 4 


4 6 0 


8 0 


35 


C d Z n S e 2 


4 0 0 


8 5 




CdGa 2 S e 4 


3 9 0 


9 0 




c a a C a 
vsa 2 oeoe 4 


j4 cr n 
*l D U 


O O 




C a B i A 1 S e 5 


3 6 0 


9 0 


40 


C a B i 2 S n S e 8 


5 5 0 


8 5 




CaB i 2 S i Se g 


4 0 0 


8 0 




C a B i 2 P b S e 8 


6 0 0, 


9 0 


45 


CaB i 2 C d S e | 


3 5 0 


8 5 




CaB i 1 n S e 5 


4 6 0 


8 0 




CaB i 2 Z n S e | 


4 0 0 


8 5 




CaB i G a S e 5 


3 9 0 


9 0 


50 










CaB i ? G e S e 5 


4 5 0 


8 5 
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Table 4-continued 



Se I en ides Capacity Capacity 

(mAh/g) maintenance rate (X) 



S r I n A I S e 4 


3 6 0 


9 0 


S r I n,SnSe fi 


5 5 0 


8 5 


Sr I n,S i Ser 


400 


8 0 


S r I n,PbSe fi 


6 0 0 


9 0 


S r I n 2 CdSe 5 


3 5 0 


8 5 


S r I n B i S e 5 


3 0 0 


8 0 


S r I n 2 Z n S e 5 


4 0 0 


8 5 


S r I n G a S 


3 9 0 


9 0 


S r I n 2 G e S e ^ 


4 5 0 


8 5 


Z n A I 2 S e 4 


3 6 0 


9 0 


Z n S n S 


5 5 0 


8 5 


Z n S i S e A 


4 0 0 


8 0 


ZnPbSe 3 


6 0 0 


9 0 


Z n C d S e 2 


3 5 0 


8 5 


Z n B i,Se R 


3 0 0 


8 0 


Z n t n 7 S e A 

L A 


4 6 0 


8 5 


Z n G a 9 S e , 


3 9 0 


9 0 


Zn 9 GeSe A 


4 5 0 


8 5 


M g G a A I S e . 


3 6 0 


9 0 


MgGa 2 Sn S e fi 


5 5 0 


8 5 


Mg G a 2 S i S e 8 


4 0 0 


8 0 


Mg6a 2 P bS e fi 


6 0 0 


9 0 


M g G a 2 C d S e 5 


3 5 0 


8 5 


MgGaB i Se 5 


3 0 0 


8 0 


M g G a I n S e 4 


4 6 0 


8 5 


M g G a 2 Z n S e 5 


4 0 0 


9 0 . 


Mg G a 2 G e S e 5 


4 5 0 


8 5 


S rGeA ^Seg 


3 6 0 


9 0 


Sr6eSnSe 5 


5 5 0 


8 5 
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Table 4-continued 



5 


Se I en ides 


Capacity 
(niAh/g) 


Capac i ty 
maintenance rate (X) 


10 


SrGeS i S e 5 


4 0 0 


8 0 




SrGePbSe 5 


6 0 0 


9 0 




S r G e C d S e 4 


3 5 0 


8 5 


15 


S r G e B i 2 S e g 
SrGe I njSej 


3 0 0 

4 6 0 


8 0 
8 5 




SrGeZnSe 4 


4 0 0 


9 0 


20 


SrGeGa 2 Se 6 


3 9 0 


8 5 



25 As is evident from Table 4, the batteries using the various selenates in accordance with the present invention as 
the negative electrode active materials are improved in the cycle life characteristics as compared with those using the 
conventional negative electrode active materials. 

Example 4 

30 

In this example, test cells were produced in the same manner as in Example 1 for evaluation of the electrode char- 
acteristics of the negative electrode active materials of various tellurides listed in Table 5. Trie evaluation was performed 
under the same conditions as applied in Example 1. All the test cells of Example 4 were found chargeable and dis- 
chargeable. Upon completion of cathode polarization at the 10th cycle, the test cells were disassembled and found to 
35 have no deposits of metallic lithium. 

From this, it was indicated that the electrodes including the active materials in accordance with the present inven- 
tion absorb therein lithium upon cathode polarization and desorb therefrom absorbed lithium upon anode polarization 
without growing dendrites of metallic lithium. 

Next for evaluation of the cycle life characteristics of the batteries applied with the negative electrodes of various 
40 tellurides in accordance with the present invention, cylindrical batteries as used in Example 1 were produced and eval- 
uated under the same conditions as in Example 1 . The results are summarized in Table 5. 
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Table 5 



5 


Tel I U rides 


Capac i ty 
GnAh/g) 


Capacity 
maintenance rate (X) 




A 1 2M g T e 4 


3 6 0 


9 0 


1/1 


M g S n T e 3 


5 5 0 


8 5 




M g S i T e 3 


4 0 0 


8 0 




1 * —DUX* 

M g r b 1 e 3 


C f> rt 

D U 0 


9 0 


15 


MgCdTe 2 


3 5 0 


8 5 




M g B i 2 T e 6 


3 0 0 


8 0 




M g 1 n 2 T e 4 


4 6 0 


8 5 




M g Z n T e 2 


4 0 0 


9 0 




MgGa 2 Te 4 


3 9 0 


8 5 




Mg 2 GeTe 4 


4 5 0 


9 0 




A 1 2 C a T e 4 


3 7 0 


9 0 


25 


C a S n T e 3 


5 7 0 


9 0 




CaS i Te 3 


4 0 0 


8 5 




C a P b T e 3 


6 0 0 


9 0 




C a C d T e 2 


3 9 0 


8 5 


30 


C a B i 2 T e 6 


3 2 0 


8 0 




C a 1 n 2 T e 4 


5 2 0 


8 0 




C a 2 n T e 2 


4 0 0 


9 0 


35 


C a G a 2 T e 4 


3 9 0 


8 5 




C a 2 G e T e 4 


5 1 0 


8 5 




A 1 2 S r T e 4 


3 8 0 


8 5 




S rSnTej 


6 3 0 


9 5 


40 


S r S i T e 3 


4 5 0 


9 0 




SrPbTe 3 


6 0 0 


8 5 




S r C d T e 2 


4 0 0 


8 5 


45 


S r B i 2 T e 6 


3 2 0 


9 0 




S r 1 n 2 T e 4 


5 0 0 


9 0 




S r Z n T e 2 


4 1 0 


8 5 




S r G a 2 T e 4 


4 1 0 


9 0 


50 










S r 2 GeTe 4 


5 2 0 


8 0 
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Table 5-continued 



Te 1 1 u r i des 


CaDac i tv 
(mAh/g) 


CaDac i tv 
maintenance rate (X) 


A 1 2 B a T e 4 


3 9 0 


8 5 


B a S n T e 3 


4 0 0 


9 5 


B a S i T e 3 


4 0 0 


8 5 


B a P b T e 3 


5 8 0 


9 0 


B a C d T e 2 


3 9 0 


8 0 


B a B i 2 Te fi 


4 1 0 


8 0 


B a 1 n 2 T e 4 


5 3 0 


8 5 


B a Z n T e 2 


4 0 0 


8 5 


BaGa 2 Te 4 


4 0 0 


9 0 


B a 2 G e T e 4 


5 0 0 


9 0 


B a 0.5 S r 0.5 S n T e 3 


6 0 0 


9 5 


B a 0 7 S r 0 3 S n T e 3 


6 2 0 


9 5 


B ^0.9^ r 0.1^ n T e 3 


6 3 0 


9 5 


B a 0.5 C a 0.5 S n ^ e 3 


6 0 0 


9 0 


B a 0 5 Mg 0 5 S n T e 3 


5 8 0 


9 0 


Ba 0 5 S r 0 5 S i Te 3 


5 0 0 


9 0 


Ba 0.5 S r 0.5 PbTe 3 


6 2 0 


9 0 


A 1 2 N a 2 T e A 


4 2 0 


9 0 


N a 2 S n T e 3 


4 0 0 


9 0 


N a 2 S i T e 3 


4 0 0 


8 5 


N a 2 P b T e 3 


6 0 0 


8 0 


Na 2 CdTe 2 


4 0 0 


8 5 


N a 2 B i 2 T e 6 


3 8 0 


8 0 


N a 2 1 n 2 T©4 


r r n 

O D U 


A R 


Na 2 ZnTe 2 


4 0 0 


8 5 


Na 2 Ga 2 Te 4 


4 0 0 


9 0 


Na 4 GeTe 4 


5 0 0 


8 5 


A 1 2 K 2 T e 4 


4 3 0 


9 0 


K 2 S n T e 3 


4 5 0 


9 0 


K 2 S i T e 3 


4 2 0 


9 0 
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Table 5-continued 

5 — 

Te 1 1 ur i des Capac i ty Capac i ty 

(mAh/g) maintenance rate (X) 



10 


K 2 P b T e 3 


5 8 0 


8 5 




K 2 C d T e 2 


4 0 0 


8 5 




K 2 B i 2 T e 6 


3 9 0 


8 0 




K 2 I n 2 T e 4 


5 7 0 


8 5 


15 


K 2 Z n T e 2 


4 0 0 


8 5 




K 2 G a 2 T e 4 


4 0 0 


9 0 




K 4 G e S e 4 


5 1 0 


8 5 


20 


S r A l 2 SnTe 6 


5 5 0 


9 0 




S r A IjS i Teg 


4 0 0 


8 5 




S r A I 2 P b T e 6 


6 0 0, 


8 0 




S r A I 2 C d T e 5 


3 5 0 


9 0 


25 


S r A I B i T e 5 


3 0 0 


8 5 




S r A I I n T e 4 


4 6 0 


8 0 




S r A l 2 ZnTe 5 


4 0 0 


8 5 


30 


S r A I 6 a T e 4 


3 9 0 


9 0 




S r A I 2 6 e T e 5 


4 5 0 


8 5 




B a S n A I 2 T e 6 


3 6 0 


9 0 




BaSnS i T e 5 


4 0 0 


8 5 


35 


BaSnPbTe 5 


6 0 0 


8 0 




BaSnCdTe 4 


3 5 0 


9 C 




B a S n B i 2 T e B 


3 0 0 


8 5 


40 


BaSn I n 2 Te 5 
BaSnZnTe 4 


4 6 0 
4 0 0 


8 0 
8 5 




BaSnGa 2 Te fi 


3 9 0 


9 0 




BaSn 2 6eTe 5 


4 5 0 


8 5 


45 


K 2 S i A l 2 Te 6 


3 6 0 


9 0 




K 2 S i S n T e 5 


5 5 0 


8 5 




K 2 S i P b T e 5 


6 0 0 


8 0 


50 


K 2 S i C d T e 4 


3 5 0 


9 0 


K 2 S t B i 2 T e 8 


3 0 0 


8 5 
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Table 5-continued 



Tel I ur ides Capacity Capacity 

(mAh/g) maintenance rate (X) 



K 2 S i I n 2 T e fi 


4 6 0 


8 0 


K 2 S i Z n T e 4 


4 0 0 


8 5 


K 2 S i G a 2 T e g 


3 9 0 


9 0 


K 2 S i 2 G e T e 5 


4 5 0 


8 5 


Mg P b A l 2 T e 6 


3 6 0 


9 0 


MgPbSnTe 5 


5 5 0 


8 5 


MgPbS i Te 5 


4 0 0 


8 0 


Mg P bCdT e 4 


3 5 0 


9 0 


Mg PbB i 2 T e 8 


3 0 0 


8 5 


Mg P b I n 2 T e 6 


4 6 0 


8 0 


MgPbZnTe 4 


4 0 0 


8 5 


Mg P b G a 2 T e 6 


3 9 0 


9 0 


Mg P b 2 G e T e 5 


4 5 0 


8 5 


Cd A l 2 Te 4 


3 6 0 


9 0 


CdSnTe 3 


5 5 0 


8 5 


C d S i T e 3 


4 0 0 


8 0 


CdPbTe 3 


6 0 0 


9 0 


C d B i T e 4 


3 0 0 


8 5 


C d I n 2 T e 4 


4 6 0 


8 0 


CdZnTe 2 


4 0 0 


8 5 


C d G a n T e * 


3 9 0 


9 0 


C d 2 G e T e 4 


4 5 0 


8 5 


S r B i A 1 T e 5 


3 6 0 


9 0 


SrBi 2 SnTe e 


5 5 0 


8 5 


S r B i 2 S i T e 8 


4 0 0 


8 0 


S r B i 2 P b T e 8 


6 0 0 


9 0 


SrB i 2 C d T e 7 


3 5 0 


8 5 


Sr B i 1 n T e 5 


4 6 0 


8 0 


S r B ijZnTej 


4 0 0 


8 5 


S r B i G a T e 5 


3 9 0 


9 0 
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Table 5-continued 



Te 1 1 ur i des Capac i ty Capac i ty 

(mAh/g) maintenance rate (X) 



B a I n A I T e 4 


3 6 0 


9 0 


Ba I n 2 SnTe 6 


5 5 0 


8 5 


Ba I n 2 S i Te 6 


4 0 0 


8 0 


B a ( n 2 P b T e 6 


6 0 0 


9 0 


B a I n 2 C d T e 5 


3 5 0 


8 5 


B a I n B i T e 5 


3 0 0 


8 0 


Ba I n 2 ZnTe 5 


4 0 0 


8 5 


B a I n G a T e 4 


3 9 0 


9 0 


B a I n 2 G e T e 5 


4 5 0 


8 5 


Z n A I 2 T e 4 


3 6 0 


9 0 


Z n S n T e 4 


5 5 0 


8 5 


Z n S i T e 4 


4 0 0 


8 0 


ZnPbTe 3 


6 0 0 


9 0 


Z n C d T e 2 


3 5 0 


8 5 


Z n B i 2 T e 6 


3 0 0 


8 0 


Z n I n 2 T e 4 


4 6 0 


8 5 


Z n G a 2 T e 4 


3 9 0 


9 0 


Z n 2 G e T e 4 


4 5 0 


8 5 


MgGaA I T e 4 


3 6 0 


9 0 


MgGaoSnT e c 


5 5 0 


8 5 


M g G a 2 S i Te g 


4 0 0 


8 0 


M g G a 2 P b T e 6 


6 0 0 


9 0 


MgG a 2 C d T e 5 


3 5 0 


8 5 


Mg G a B i T e 5 


3 0 0 


8 0 


MgGa I nTe 4 


4 6 0 


8 5 


MgGa 2 ZnTe 5 


4 0 0 


9 0 


Mg G a 2 G e T e 5 


4 5 0 


8 5 


CaGeA I 2 T e 6 


3 6 0 


9 0 


CaGeSnTe 5 


5 5 0 


8 5 
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Table 5-continued 



Tel lundes 


Capacity 
imAn/g; 


Capac i ty 
maintenance rate la) 


CaGeS i Te 5 


4 0 0 


8 0 


CaGePbTe 5 


6 0 0 


9 0 


CaGeCdTe 4 


3 5 0 


8 5 


CaGeB i 2 ^ e 8 


3 0 0 


8 0 


C a 6 e 1 n 2 Te 6 


4 6 0 


8 5 


CaGeZnTe 4 


4 0 0 


9 0 


C a G e G a 2 T e 6 


390 


8 5 



As shown in Table 5, the batteries using the various tefturides in accordance with the present invention as the neg- 
ative electrode active materials are improved in the cycle life characteristics as compared with those using the conven- 
tional negative electrode active materials. 

Example 5 

In this example, various lithium composite compounds were prepared by intercalating a specified amount of lithium 
in MgSnOg, SnSrBaO^, CaSnS^ SrSnSes and BaSnTe3 of the representative negative electrode active material of the 
present invention and evaluated for their electrode characteristics. 

First electrodes were produced using the above-listed active materials, which were then integrated in test cells in 
the same manner as in Example 1 . Then, the lithium amount capable of intercalating in each of the electrodes was esti- 
mated by regulating the quantity of electricity consumed by cathode polarization and anode polarization. After tested, 
the cells were disassembled for quantitation of the lithium composite compounds by ICP spectrometry. This analysis 
confirmed a coincidence of the composition with the estimated composition in each composite compound. 

Next, for evaluation of the cycle life characteristics of the batteries applied with the negative electrodes of the vari- 
ous lithium composite compounds of Example 5, cylindrical batteries as used in Example 1 were produced and evalu- 
ated under the same conditions as in Example 1 . At that time, the intercalated lithium amount in the negative electrode 
active materials was adjusted by the amount of active material used. 

After evaluation, the batteries were cfisassembled similarly to remove the negative electrode. The lithium composite 
compound thus harvested was quantitated by ICP spectrometry, which confirmed the composition of each compound. 
The analytical results are shown in Table 6. 
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Table 6 



s Lithium complex Capacity Capacity 

compositions (mAh/g) maintenance rate (JO 





L 


ifl.|MoSn0 3 


2 0 0 


7 5 


10 


L 


i 05 MgSnO 3 


4 0 0 


8 0 




L 


i M g S n 0 3 


5 5 0 


8 0 




L 


ijMg Sn0 3 


6 0 0 


9 0 


15 


L 


i 3 Mg S n 0 3 


6 2 0 


9 0 




L 


i 4 MgSn0 3 


6 5 0 


9 5 




L 


i 5 M g S n 0 3 


6 5 0 


9 0 




L 


i 6 MgSn0 3 


6 7 0 


9 5 


20 


L 


i 7 M g S n 0 3 


6 8 0 


9 5 




L 


i 8 M g S n 0 3 


6 7 0 


9 0 




L 


i g M g S n O3 


6 4 0 


9 0 


25 


L 


i 10 MgSnO 3 


5 8 0 


8 5 




L 


i n M g S n 0 3 


2 0 0 


2 3 




L 


i 12 M gSnOj 


1 2 5 


1 5 




L 


•fljSnSbOj 


2 0 0 


7 5 


30 


L 


i 0 5 S n S b0 3 


4 2 0 


8 0 




L 


i S n S r B a 0 3 


5 5 0 


8 5 




L 


i 2 S n S r B a 0 3 


5 8 0 


9 0 


35 


L 
L 


i 3 S n S r B a 0 3 
i 4 S n S r B a O3 


6 0 0 
6 3 0 


9 0 
9 0 




L 


1 5 S n S r B a 0 3 


6 5 0 


8 5 




L 


i 6 SnS r Ba0 3 


6 7 0 


8 5 


40 


L 


jS n S r B a O3 


6 8 0 


8 5 




L 


8 SnS rBa0 3 


6 7 0 


8 5 




L 


9 S n S r B a 0 3 


6 4 0 


8 5 


45 


L 
L 


l0 S n S r B a 0 3 
n S n S r B a 0 3 


5 8 0 
2 0 0 


7 5 
3 0 




L 


12 S n S r B a 0 3 


1 2 5 


1 0 




L * 


0 , C a S n S 3 


2 0 0 


7 5 


50 


L * 


0 5 C aSnS 3 


4 0 0 


8 0 
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Table 6-continued 



5 Lithium complex Capacity Capacity 

compositions (mAh/g) maintenance rate (%) 





L 


i C a S n S 3 


5 0 0 


8 0 


10 


L 


i 2^ a S n S3 


5 8 0 


9 0 




L 


i 2 C a S n S ^ 


5 8 0 


9 0 




L 


i 4 C a S n S 3 


5 9 0 


9 5 


15 


L 


i 5 C a S n S3 


6 0 0 


9 0 




L 


i gC a S n S3 


6 0 0 


9 5 




L 


ijC a 5 n S3 


6 4 0 


9 5 




L 


i 8 C a S n S 3 


6 2 0 


9 0 


20 


L 


g C a S n S 3 


6 0 0 


8 5 




L 


10 C a S n S 3 


5 5 0 


8 5 




L 


II C a S n S 3 


2 0 0 


2 3 


25 


L 


12 C a S n S3 


1 2 5 


1 5 




L 


0 X S rSnSej 


2 0 0 


. 7 5 




L 


0.5 S rSnSe 3 


4 0 0 


8 0 




L i 


SrSnSe 3 


5 5 0 


8 0 


30 


L i 


2 C a S n S e 3 


6 0 0 


9 0 




L i 


3 C a S n S e 3 


6 2 0 


9 0 




L i 


A C a S n S e 3 


6 3 0 


9 0 


35 


L i 


5 CaSnSe 3 


6 5 0 


9 0 




L i 


6 CaSn S e 3 


6 5 0 


9 5 




L i 


jCaSnSe 3 


6 5 0 


9 5 




L i 


gC a S n S e 3 


6 7 0 


8 5 


40 


L i 


gC a S n S e 3 


6 4 0 


8 0 




L i 


igC a S n S e 3 


5 8 0 


8 5 




L i 


ll C a S n S 


1 9 0 


3 2 


45 


L i 


12C a 5 n S 


1 2 5 


1 0 




L i 


fl |BaSnTe 3 


2 0 0 


7 5 




L i 


0 jB a S n T 83 


3 2 0 


8 0 




L i 


B a S n T e 3 


4 5 0 


8 0 


50 


L i 


2 B a S n T e 3 


6 0 0 


9 0 
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Table 6-continued 



Lithium complex Capacity Capacity 

compositions (mAh/g) maintenance rate (X) 



L 


ijBaSnTej 


6 2 0 


9 0 


L 


i 4 B a S n T e 3 


6 5 0 


9 5 


L 


i S B a S n T e 3 


6 5 0 


9 0 


L 


i 6 B a S n T e 3 


6 7 0 


9 5 


L 


ijBaSnTe 3 


6 9 0 


9 5 


L 


i|6aSnTe 3 


6 7 0 


9 0 


L 


i g B a S n T e 3 


6 4 0 


9 0 


L 


i )fl BaSnTe 3 


6 0 0 


8 0 


L 


i,, BaSnTe 3 


2 10 


2 3 


L 


^BaSnTej 


1 3 5 


1 5 



The lithium composite compounds represented by the composition formula LieZ^ were found to manifest excel- 
lent electrode characteristics in a range of 1£6<10. In other words, in that range, those compounds grow no metallic 
lithium dendrites and show good reversibility with high discharge capacity maintenance ratios. 

When 10£6, poor cycle life characteristics were confirmed in the composite compounds. This may be because 
those compounds are prone to produce inactive lithium due to too much intercalation of lithium, resulting in poor cycle 
life characteristics. If the lithium amount is regulated to 0<e<1 , those compounds fail to produce a sufficient capacity for 
a battery upon operation of the battery due to small amounts of utiiizabJe lithium. 

In the foregoing examples, although oxides, sulfides, selenates and teilurides were used, identical results may be 
expected from the compounds comprising two or more elements selected from the group consisting of oxygen, sulfur, 
selenium and tellurium as well as the above-mentioned metals or semi-metals, for example, those oxides whose oxygen 
is replaced in part by sulfur or those sulfides whose sulfur is replaced in part by selenium. 

In the foregoing examples, alkali metal or alkaline earth metal element were used as the gjoup D element included 
in the oxides, sulfides, selenates and teilurides, but compounds whose elements are replaced in part by other elements 
selected from group D can also produce similar effects. 

In the foregoing examples, cylindrical batteries were used, but the present invention is not limited to such battery 
configuration and can exert identical inventive effects when applied to coin-shaped, angular or flat secondary batteries. 

The foregoing examples used LiMn 1 sCoq 1O4 as the positive electrode, but any other positive electrode active 
materials having reversible chargeability and dischargeability including LiMr^O* UC0O2, LiNiO? and the like may be 
used to obtain similar effects. 

As discussed above, according to the present invention, a highly reliable non-aqueous electrode secondary battery 
which is free of dendrite-induced short-circuiting and affords a high energy density can be obtained by an application 
of a negative electrode with a high capacity and an exceptional cycle life. 

Claims 

1. A non-aqueous electrolyte secondary battery comprising a chargeable and dischargeable positive electrode, a 
non-aqueous electrolyte and a chargeable and dischargeable negative electrode, said negative electrode compris- 
ing a compound represented by the formula 
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wherein Z represents at least two elements selected from the group consisting of metals and semi-metals at . 
least one of which is selected from group D consisting of Na, K, Rb, Cs, Mg, Ca, Sr. Ba, Sc, Y, La, Ce, Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, W, Mn, Fe, Co, Ni, Cu, Ag, Zh, Cd and Pd, and X represents at least one element selected from the 
group consisting of O, S, Se and Te and wherein 0<k+y+££25 , 0£k<10, 0<e<10 and 0<y£8. 

5 

2. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein Z comprises at least one ele- 
ment D selected from said cyoup D and at least one element A selected from group A consisting of Si, Ge, Sn, Pb, 
Bi, P, B, Ga, In, Al, As and Sb and is represented by the formula 

wherein 0<a, 0<p and a+p=e . 

3. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein Z comprises two elements D1 
75 and D2 selected from said group D and is represented by the formula 

(D1) 8 (D2) C 

wherein 0<5, 0<C and 6+t=e . 

20 

4. Trie non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein Z comprises three elements 
D1, D2 and D3 selected from said group D and is represented by the formula 

^1)6(02)^03^ 

25 

wherein 0<6, 0<C, 0<T| and 6+£+ti=e . 

5. The non-aqueous electrolyte secondary battery in accordance with claim 2, wherein Z comprises one element A 
selected from said group A and two elements 01 and 02 selected from said group D and is represented by the for- 

30 mula 

(AJfDIJ^Ji 

wherein 0<i<p. 

35 

6. The non-aqueous electrolyte secondary battery in accordance with claim 2, wherein Z comprises two elements A1 
and A2 selected from said group A and one element D selected from said group D and is represented by the for- 
mula 

*> (A1)«.j(A2) j D p 
wherein 0<j«x. 

7. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said at least one element 
45 selected from said group 0 is an alkaline earth metal element 

8. The non-aqueous electrolyte secondary battery in accordance with claim 2, 5 or 6, wherein said metal selected 
from said group A is tin. 

so 9. The non-aqueous electrolyte secondary battery in accordance with claim 8, wherein said at least one element 
selected from said group D is an alkaline earth metal element 
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FIG. 2 

20 
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